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Aerosol measurements near clouds are important

All oceans between 60°N and 60°S
CALIPSO: 9/15/2008 - 10/14/2008
!VIODIS: 9/21/2008 (viewing zenith angle < 20°)
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* Aerosol remote sensing near clouds is challenging 0 5 10 15 20

* Excluding areas near-cloud risks biases in aerosol data Distance to nearest cloud (km)



MODIS reflectances increase near clouds

NE Atlantic Ocean, MODIS Terra
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Reflectance increase may come from:
*Aerosol changes (e.g., swelling in humid air)
*Undetected cloud particles

*Instrument imperfections

*3D radiative effects




MODIS reflectances increase near clouds
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Reflectance increase may come from:
*Aerosol changes (e.g., swelling in humid air)
*Undetected cloud particles

*Instrument imperfections

*3D radiative effects




CALIOP gives information on aerosol OT, size
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CALIOP histogram far from clouds

Far from clouds (> 5km)
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CALIOP histogram near clouds

Close to clouds (< 5km)
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Near-cloud enhancements in Jun-Jul-Aug

Median MODIS 0.55 pm reflectance enhancement
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Dust gets lower & more spherical westward
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Detection of low dust less frequent near clouds
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Altitude (km)

High dust doesn’t change much near clouds
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MAIAC gives 1 km-resolution data over land
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MAIAC: Enhancements larger for larger particles

Mean AOT for various aerosol models Relative PDFs for various coarse mode fractions
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Near-cloud aerosol in ocean color atm. correction
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MODIS data vs. simulations of 3D enhancement
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Correction for 3D effect is being developed

‘ Rayleigh layer corr
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Summary

* Clouds are surrounded by a wide zone of increased particle size optical thickness.

* Near-cloud enhancements vary with aerosol properties, they are small for high dust and
large for large particles near Washington, DC.

* 3D radiative processes play an important role in shaping radiance fields around clouds.




Behaviors consistent with strong 3D effects
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CALIOP confidence changes near clouds
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CALIOP: increases occur below cloud top

3 ! !
——0-5km

5 ——5-10 km
——10-15km
—15-20 km

Altitude above top of nearest cloud (km)
o

-3 e =
0 1 2 3 4 5 6

Median attenuated backscatter at 532 nm (10™ sr'1)

Varnai and Marshak (2010)



Enhancements smallest for low rel. humidity

Global data, 532 nm
0.0052

—e—d = 0-5 km
-©—d = 5-10 km

0.005 - d=10-15 km |..#
\ --x--g=15-20 km

®
= 0.0048 TE ™\
VIS
2 00046 | [ W e J oo,
Q f ‘i\ e -4 'f
_8 ’J “‘.' ~ \} })f p
£ 0.0044 |4 O Y
8 !‘ \Y"-x“ \.\ X)..--—d /}{
= F e\ i

0.0042 | SN

b4 RN T P
0.004 e
0 20 40 60 80 100

Relative humidity (%)



3D-related increases should be asymmetric

LES liquid water path

R;p (0.47 pm)
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Rel. enhancements: MODIS > CALIOP

MODIS: Ricsim ~ Re>siam CALIOP: Ba<sim — Pa>skm
d>5km B d>5km
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Swelling does not explain curvature of R(A)
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Enhancements greater for MODIS cloud mask
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1D & 2D distances to cloud are related
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1D & 2D distances to cloud are related
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Rescaling CALIOP 1D distances can work
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Distance to cloud varies with cloud amount, type
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High dust backscatt. doesn’t change near clouds
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Water leaving radiances near clouds
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MODIS & CALIOP enhancements: similar patterns

MODIS 0.47 pm reflectance (R) CALIOP 532 nm backscatter (3)
enhancement enhancement
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MODIS spectral data: particles larger near clouds

Yearlong MODIS dataset over oceans
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MODIS spectral data: bluing at short wavelengths

Yearlong MODIS dataset over oceans
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MODIS sfc. info can help CALIOP comparisons

Rparticle - - RRaerigh - Rsfc Rparticle = Robs o RRaerigh

Relative increase in R near clouds should be similar

particle
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Near-cloud enhancements in Jun-Jul-Aug

Median MODIS 0.55 pm reflectance enhancement
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Enhancements in Dec-Jan-Feb

Median MODIS 0.55 pm reflectance enhancement
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